Introduction
The difference in the pharmacodynamic activities of enantiomers has created a need to study the pharmacological and toxicological properties of optically active components. Hence, it is still very important to develop rapid and accurate methods for the separation of chiral drugs. Cyclodextrins have been used extensively as chiral selectors in CE, which has proved to be an effective technique for enantioseparation. [1] [2] [3] [4] [5] [6] Two different methods have been used to expand the usefulness of CDs as chiral selectors for CE. The first has been to use only one kind of different neutral and charged derivatives of CDs. The second approach has been to use dual CDs to enhance the enantioselectivity of a CE system that does not produce an acceptable separation by only one kind of CD. Neutral CDs have been employed in combination with either neutral [7] [8] [9] or charged CDs. [10] [11] [12] [13] [14] [15] Most studies have been carried out by capillary zone electrophoresis (CZE) with a chiral selector dissolved in the background electrolyte. In this study a dual CDs-modified micellar capillary electrophoretic (MECC) method was introduced, which allows the separation of miconazole. The principle of MECC was introduced by Terabe et al. 16 The separation in MECC results from the distribution of the analysts between micelles, which act as a pseudo-stationary phase, and the aqueous phase in the presence of electroosmotic flow.
Miconazole (Fig. 1) , possessing an asymmetric carbon, has a higher anti-fungicidal activity. As far as we know, there is only one report 17 concerning the chiral separation of miconazole by the CZE mode; the resolution is only 1.55. In addition, the proposed method was not fully validated, and no application was given.
The aim of our work was to develop a MECC method for the separation of miconazole, and to investigate the synergistic effect of dual CDs for enantioseparation. The effects of the concentration of the chiral selectors, the buffer concentration and its pH on the enantioseparation were studied. The method was successfully applied to determine the enantiomers in a crude drug.
Experimental

Apparatus
The experiments were carried out on a laboratory-assembled CE apparatus, equipped with a multiwavelength UV detector. The UV signals were recorded at 214 nm. A fused silica capillary of 60 cm length (effective length of 50 cm) and of 75 µm i.d. (Hebei Yongnian Optical Fiber Factory, China) was used as a separation tube. A high-voltage power supply that could provide a voltage from 0 to 30 kV was used to drive the separation.
Chemicals and reagents
Racemic miconazole was purchased from Sigma (St. Louis, MO, USA). A crude drug of miconazole enantiomers was purchased from Shanghai drug store.
Mono-3-Ophenylcarbamoyl-β-CD, 18 which had been used to separate many drugs by us before, was synthesized in our laboratory. α-, β-, γ-CD, 2,6-di-O-methyl β-CD (DM-β-CD), 2,3,6-tri-O-A cyclodextrin-modified micellar capillary electrophoretic method (MECC) was developed using mixtures of β-cyclodextrins (β-CD) and mono-3-O-phenylcarbamoyl-β-CD as chiral additives for the chiral separation of miconazole with the dual CDs systems. The enantiomers were resolved using a running buffer of 50 mmol/L borate pH 9.5 containing 15 mmol/L β-CD and 15 mmol/L mono-3-O-phenylcarbamoyl-β-CD containing 50 mmol/L sodium dodecyl sulfate and 1 mol/L urea. A study of the respective influence of the β-CD and the mono-3-O-phenylcarbamoyl-β-CD concentration was performed to determine the optimal conditions with respect to the resolution. Good repeatability of the method was obtained. CD) were obtained from Sigma (St. Louis, MO, USA). All organic solvents and other chemicals were of analytical grade. sodium dodecyl sulfate (SDS), boric acid (H3BO3), sodium hydroxide (NaOH), urea and disodium tetraborate (Na2B4O7·10H2O) were obtained from Beijing Chemical Factory. Double-distilled water was used to prepare of all solutions; 0.25 µm pore size filters was used to filter all of the solutions.
Capillary electrophoresis
A new capillary was conditioned by flushing successively with 1.0 mol/L NaOH (overnight), 0.1 mol/L NaOH (30 min) and then equilibrated with double-distilled water and running buffer each for 30 min before use. Between each injection, the capillary was rinsed with 0.1 mol/L NaOH (2 min), double distilled water (2 min) and with the respective running buffer (5 min). Samples were injected by an electrokinetic method at the anode. MECC operations were run under a constant voltage at ambient temperature.
Prepare of a crude drug
Solutions of the crude drug form (tablet) of miconazole were preprocessed as follows. First we removed the sugar-coat of a tablet (0.1 g) sample, then accurately weighed it. We then put it into a 100 ml volumetric flask, and added 50 ml of methanol. After shaking the mixture for 20 min, we added methanol to scale. Then, it was filtered, and a portion of the filtrate solution was diluted a the running buffer to 300 µg/ml before being analyzed by CE.
Standard solution: A stock solution of pure racemic miconazole was prepared in methanol (1.0 mg/ml). It was diluted with a running buffer to appropriate concentrations before use.
Results and Discussion
Single CD systems as a chiral selector
In CD-MECC, the solutes are distributed among three phases: aqueous, micellar and CD. Solutes form inclusion complexes with CDs based on their size, geometry and physicochemical properties, while interactions with micellars are based on the solute hydrophobicity. The solute is partitioned between the micellar and CD cavity. Therefore, the type CD is the most important factor for separation. We investigated the type of CD (α,β-CD, DM-β-CD, HP-β-CD, TM-β-CD, mono-3-Ophenylcarbamoyl-β-CD ) using a 50 mmol/L borate buffer, pH = 9.5, containing 50 mmol/L SDS and 1 mol/L urea.
The enantiomers of miconazole could not be separated by α-CD, β-CD, HP-β-CD, DM-β-CD and TM-β-CD. They were partly separated only when mono-3-O-phenylcarbamoyl-β-CD was used. The effect of the mono-3-O-phenylcarbamoyl-β-CD concentration on the resolution was examined by varying the concentration in steps from 5 to 20 mmol/L. As can be seen in Table 1 , the resolutions were significantly increased along with an increase in the CD concentration. The maximum resolution was reached with a further increase in the concentration, which could cause a decrease in the resolution. The experimental results are consistent with a simple model proposed by Wren et al. 19 This result underline the fact that mono-3-Ophenylcarbamoyl-β-CD has cavity sizes suitable for the inclusion of miconazole.
Dual CD systems for the enantioseparation of miconazole
Since various CDs exhibited different chiral selectivity, the synergistic effect in CE enantiosepararion indicates that dual chiral selectors can modify enantioseparation. It is obvious that electrolyte systems composed of mixed CDs should yield a unique chiral selectivity that can not be achieved by either of the CDs alone. In order to be able to enhance the resolution in the CE enantioseparation of miconazole, dual CD systems were employed. β-CD was added at different concentrations (0 -20 mmol/L) to a pH 9.5 borate buffer containing SDS and urea with 15 mmol/L mono-3-O-phenylcarbamoyl-β-CD. As can be seen in Table 2 , the resolution was significantly increased. The addition of β-CD resulted in complete enantioseparation. This can be explained by a high synergistic effect of β-CD and mono-3-O-phenylcarbamoyl-β-CD towards miconazole enantiomers.
Effect of the buffer pH
The pH of the buffer is a very important parameter to be studied. The change in the pH influences the charge of both the analytes and the chiral selector, and thus their electrophoretic mobility. Furthermore, the electrostatic interactions between the analyte and the CDs as well as the solubility of CDs are also influenced. It is obvious that EOF increases along with an increase in the pH. At a low pH, the migration time is long, which easily causes such results as severe diffusion and lower efficiencies. At the same time, borate buffer can maintain a good buffer capacity in the pH range of 8 -10. Thus the pH dependence of the chiral resolution was investigated in the pH range from 8 to 10. Figure 2 shows the effect of the pH of the buffer on the resolution of miconazole. The best resolutions were obtained for miconazole at pH 9.5.
Effect of other operating parameters
A high buffer concentration gives significantly higher efficiencies and enhances the resolution. It also prevents analyte-analyte or analyte-wall adsorption in the capillary, and thus leads to better quantification and reproducibility. 20 However, a high buffer concentration also increases the current generation, and thus leads to joule heating. Through experiments, we decided to choose 50 mmol/L borate as the buffer concentration. Electrophoretic conditions were the same as Table 1 .
The concentration of SDS is also one of the most important parameters for the resolution. SDS monomers can have their hydrophobic tails concluded in the CD cavity along with the solute. This could change the nature of the solute and the CD interaction. At the same time, the increases in the fraction of the solute partitioning into the CDs micellar phase at higher SDS delays the migration time of the solute. We therefore tested the effect of the SDS concentration on the resolution. As shown in Table 3 , when the concentration of SDS was less than 10 mmol/L, miconazole could not be separated. When the concentration of SDS was 70 mmol/L, though the resolution was slightly improved, the migration time was too long, and thus 50 mmol/L SDS was chosen in our experiment.
The resolution of chiral separation increased with an increase in the urea concentration up to 1 mol/L. It was thus fixed at 1 mol/L. The reason for this enhanced effect in the chiral separation with urea is not clear at present.
Electrophoretic analysis
Once the method had been optimized, we tested its repeatability (10 injections a per day). For the migration times and peak area, the RSD values that we obtained were 0.5 and 6.1%. The calibration curves for miconazole showed good linearity in the range of 100 -600 µg/ml (r 0.99). The limit of detection was 20 µg/ml. The separation of miconazole enantiomers in crude drugs was analyzed under the conditions described in Fig. 3 . It can be seen that the electropherogram is simple, and no interference peak was observed.
The determination results of the recovery using this method are listed in Table 4 .
Conclusion
We studied the optimal conditions for enantiometic separation of miconazole using CD-MECC as a routine analysis method. Dual CD systems of β-CD and mono-3-O-phenylcarbamoyl-β-CD have good synergistic effects for the enantiometic separation of miconazole. The present method is appropriate for the routine analysis of samples. 
